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Spectrographic 


Analysis 


AT A LARGE TECHNICAL 


LABORATORY 


by Abraham Mankowich 


sociate Chemical Engineer, 
ewport, R. I. 


[he industrial position of spectrographic analysis as a prac- 
al tool for the engineering control of materials, by producer 
consumer, has been indicated by our many articles on this 
bject. This contribution describes the successful application 
a simple, easily standardized installation to a wide variety of 
‘errous and non-ferrous metallurgical products. Few plants may 
indle the large assortment of metals and alloys with which 
the author of this article must work, but practically all can find 


something in his description applicable to their own work. 
~-The Editors. 


which the writer is connected inspects a wide variety 

of materials purchased to specification. Included 
among these materials are steels, brasses, bronzes, aluminum 
alloys, copper-nickel alloys, copper, pig lead, pig tin, 
spelter, silver solders, lead-tin solders, low-melting solders, 
brazing compounds, metal powders, explosives, oils, 
greases, foundry sands, carburizing compounds, gasolines, 
fuel oils, soldering fluxes, solvents, coal, coke, chemicals, 
electroplating salts and metals, rubber, leather, paper, gases, 
and miscellaneous other substances. The volume and the 
variety of work handled make it imperative that the ana- 
lytical methods be rapid, as well as technically accurate. 

Obviously, therefore, analyses of certain of the above 
materials have until recently presented serious problems. 
For example, the determination of antimony, tin, zinc, iron, 
bismuth, nickel, silver and copper in a 99.9 per cent pig 
lead is almost beyond the scope of a routine laboratory. 
Likewise, a cadmium determination in spelter is so long and 


[= ANALYTICAL SECTION of the laboratories with 


JUNE, 1938 


A 


The Arc and Spark Stand from the Operator's Position at the Head 

of the Spectrograph. Note the auxiliary focusing system of lens, 

mirror and screen upon which are obtained enlarged images of the 

electrode tips. In the background are placed some of the synthetic 
standards, 


laborious as to upset the routine of a laboratory such as 
ours. The necessity for analyses of chemicals of reagent 
grade, including barium nitrate, strontium nitrate and 
sodium nitrate, which are practically research projects, 
crystallized the feeling that some new tool was needed to 
supplement the ordinary chemical methods. The answer 
to this problem appeared to be the spectrograph. 


Apparatus 


Accordingly, a large Littrow-type spectrograph was pur- 
chased. Its wave-length range is 2100A to 8000A, with 
a linear dispersion of 1.5A per millimeter at 2200A and 
36A per millimeter at 6300A, using a quartz optical system. 
The spectrum is photographed on a 2-in. by 10-in. plate. 
The illuminating system consists of an arc and spark stand, 
a plano-convex spherical lens and a rotating sector disc 
with adjustable aperture. The arc and spark stand sup- 
ports the electrodes for the D. C. arc and the high tension 
spark. A variable rheostat is provided for use with a 110 
volt, D. C. arc. A spark generator, consisting of a 0.45 
kva step-up transformer, delivers 15,000 volts from a 110 
volt, A.C. supply. A 0.005 microfarad condenser produces 
a condensed spark, while a variable self-induction coil (0 to 
20 microhenries) eliminates air lines from the spark spec- 
trum. The laboratory was also provided with a densitometer 
for determining the density of spectral lines. The densitom- 
eter consists of a voltage regulator, illuminator (200 watt 
monoplane filament lamp), photo-electric cell and a 
galvanometer mounted on a Julius Suspension. 

Before the development program was begun, a list was 
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Another View from the Arc and Spark Stand, Looking Down along 


the Instrument. Some graphite electrodes were arced for a feu 

















seconds during the exposure. 


made of those analyses for which it was believed the spec- 
trograph was particularly adapted in this laboratory. Among 
them were the following: 


(a) Molybdenum in stainless steel (approximately 13% 
chromium), from 0 to 0.60 per cent. 

(b) Molybdenum in S.A.E, 4340 types of nickel-chrome- 
molybdenum steel, from 0.25 to 0.50 per cent. 

(c) Lead, iron, cadmium, aluminum and tin in 98.75 
per cent zinc. 

(d) Lead, iron, cadmium and aluminum in Grade A 
spelter. 

(e) Silver, bismuth, zinc, copper, antimony, tin, arsenic, 
iron and nickel in 99.9 per cent pig lead. 

(f) Aluminum in copper-nickel alloy (Monel type), with 
aluminum ranging to 0.5 per cent maximum. 

(g) Metallic impurities, chiefly copper, iron and zinc, 
in aluminum metal powder; iron ranging to about 0.5 per 
cent maximum and copper to about 0.03 per cent maximum. 

(h) Zinc and iron in phosphor bronze, with a copper 
content of approximately 95 per cent and a tin content of 
about 5 per cent; the iron content runs to 0.10 per cent 
maximum, and the zinc content to 0.02 per cent maximum. 

(i) Antimony and iron in the 88-8-4 type of bronze, with 
iron 0.10 per cent maximum and antimony 0.25 per cent 
maximum. 

(j) Antimony and iron in leaded bronze (lead 15% and 
tin 11%), with iron 0.10 per cent maximum and antimony 
0.25 per cent maximum. 

(k) Lead, antimony, copper, bismuth and iron in 99.75 
per cent pig tin. 

(1) Sodium, calcium, magnesium and iron in barium 
nitrate. 

(m) Iron, sodium and calcium in strontium nitrate. 

(n) Calcium and magnesium in sodium nitrate. 


It will be noted that the above analyses may be divided 
into three classes, each of which presents difficulties in an 
analytical laboratory intended primarily for rapid, routine 
technical analyses. The three classes, and the analyses that 
may be placed in each are as follows: 
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I. Long and laborious analyses: (a), (b), parts of (c) 
and (d), (f), (g) and (h). 

II. Chemical analyses that were long and laborious and 
gave results that were liable to be in error, except in experi- 
enced hands: (i) and (j). 

III. Chemical analyses that were beyond the scope of a 
routine laboratory: (e), (k), (1), (m) and (n). 

In addition to the above analyses, the use of the spectro- 
graph was indicated for the determination of zirconium 
and columbium in steels; small amounts of iron (0.05% 
maximum) in brasses, and for the analysis of ammonium 


perchlorate, etc. 


Preliminary Work 


The development of spectrographic methods for the 
aforementioned materials was begun with a serious lack 
of standard samples. There was on hand just one set of 
analyzed samples of nickel-chrome-molybdenum steel, with 
molybdenum ranging from 0.12 to 1.10 per cent. At- 
tempts to obtain analyzed samples of the other metals 
and metallic alloys required met with failure. However, 
work was started on the nickel-chrome-molybdenum steels, 
using the 1/4 in. square standard electrodes, 2 in. long. An 
internal control method was developed, with high tension 
spark excitation of 15,000 volts. The molybdenum line at 
2816.15A was used in conjunction with the iron line at 
2813.29A. A working curve was drawn up in which the 
difference in densities of the molybdenum and iron spectral 
lines was plotted against the log of Mo concentration. The 
density for each line was taken as the log of its opacity 
The details of this method will not be described, because 
soon after its completion it became evident that it would 
not be satisfactory in our laboratory, nor would any method 
requiring machined electrodes of the substance to be ana 
lyzed. 

It was found that the added demands for preparing 
spectrographic electrodes on the laboratory machine shop, 
already running at capacity producing physical test speci- 
mens and chips for analysis, would detract from the use 
fulness of the spectrograph. This disadvantage, as well as 
the inability to obtain standard analyzed samples of the 
other required metals and alloys, with impurities varying 
over desired ranges, led to the adoption of solution meth- 
ods using graphite electrodes. The use of solutions obvi- 
ates the necessity of having a set of standard analyzed 
samples for every substance to be tested spectrographically. 

Synthetic standard solutions may be prepared from 
chemicals found in every laboratory. Work once under 
way, it was surprising how many standards were easily pre- 
pared from the chemicals on hand. The only additional 
substances required for our purposes were spectrographic 
zinc and lead for use as the base materials in making the 
standards for the zinc and lead analyses. An analysis of 
our ammonium perchlorate for sodium, magnesium and 
calcium contents was also required; this was done by the 
U. S. Bureau of Standards. 


Spectrographic Details 


A feature of the methods developed at our laboratories 
is that all of the materials enumerated in a previous para- 
graph can be analyzed by using practically the same spectro- 
scopic set-up. The advantages of such a system in 4 
spectrographic laboratory that must handle a wide variety 
of work in a routine manner are obvious. All analyses are 
performed with the spectrograph adjusted to cover the 
ultra-violet range, 2400A to 3500A, using a quartz optical 
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system. The spectrum is photographed on 2-in, by 10-in. 
plates. All quantitative work is done with either No. 33 
or Process plates as will be indicated later. A high con- 
trast developer, formula “D-19,” is used; developing time 
is 5 min. for Process plates and 21/, min. for No. 33 plates. 
A 10-sec. water rinse is followed by fixing in the ‘F-5” 
acid-hardening-fixing bath for 5 min. Developing and fix- 
ing solution temperatures are kept at 65 to 68 deg. F. 
Plates are given a final wash in water for 15 min. 

Excitation for all materials is the 110 volt, D.C. arc; 
and in every case, the arc is adjusted for a current of ap- 
proximately 8 amps., with a 50-volt drop across the 
graphite electrodes. Two minute exposures are given for 
all materials. The graphite electrodes are 5/16 in. in 
diameter and 2 in. long. The lower, positive electrode, is 
recessed at one end; the dimensions of this recess are 
).227 in. in diameter by 0.160 in. deep, or 0.227 in. in 
diameter by 0.230 in. deep, depending on the size of the 
sample to be vaporized. The upper (negative) electrode 
is beveled into the shape of a very blunt chisel, and ‘s 
placed in the upper electrode holder so that its edge is per- 
pendicular to the axis of the spectrograph. The electrodes 
are burned in the 8-amp. arc for 30 sec. and cooled, before 

solution is placed in the recessed anode. 

This treatment renders the anode more porous and 

kes it (the 0.230-in. deep one) capable of absorbing 

uch as 0.2 c.c. of the solution to be analyzed. The 
tion, which is placed in the anode by a capillary 
ette, varies from 0.07 c.c. to 0.20 c.c., depending on the 
ticular material that is being analyzed. The size of the 
ple depends on the concentration of the substance being 
lyzed and on the substance itself. The electrodes are 
ed for 30 min. at 110 deg. C. A slit width of 40 
rons is used for all quantitative work. All spectra are 
en to give lines that are 3.3 mm. high. The rotating 
tor disc is adjusted to that opening which has been found 
give optimum conditions in the case of each material. 
he size of the sample to be used and the corresponding 
ry disc setting for every material were determined as 
iows: The concentration of the substance in question 
ving been determined (as well as the most convenient 
cthod of putting it into solution), a series of synthetic 
andard solutions of this concentration would be prepared 
ontaining the impurities in amounts to cover the desired 
ranges. Several series of spectra of these synthetic stand- 
ards would then be made using the rotary sector openings 
and sample sizes that seemed to be indicated from inspec- 
tion of the spectra. The sample size and rotary sector set- 
ting selected for future use were the ones producing a series 
of spectra in which the various selected impurity lines 
showed a definite weakening in density between successive 
standards, 

The actual analysis of a substance is then accomplished 
by comparing the spectrum of the unknown solution with 
the spectrum of one of the synthetic standards. The syn- 
thetic standard solution selected to produce the comparison 
spectrum is usually the one containing the maximum 
amounts of impurities specified; it may, however, be the 
standard containing the impurities in amounts ordinarily 
found in the substance. 

It is to be noted that, in this laboratory, only one com- 
parison spectra is photographed on the plate with the un- 
known. Two methods are used to make the final determi- 
nations of the values of the unknown impurities. In the 
first method, the plate containing the unknown and com- 
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The Density Comparator with the Galvanometer Placed on a Julius 


Suspension. 


parison spectra is compared with several standard plates 
containing the series of spectra of the standards. A match 
is quickly found for the comparison spectrum on the plate 
with the unknown and the spectrum from the same 
standard solution on one of the standard plates. The un- 
known spectrum is then estimated from the latter standard 
plate. With several standard plates, it is easy to find one 
that is comparable with the plate containing the unknown 
sample. 

The second method involves the use of a working curve 
of density of impurity line (log of opacity) as measured 
by the densitometer against log of the concentration of the 
impurity. This curve is based on values obtained from 
several standard plates. Then, if the density of the im- 
purity line of the comparison spectrum falls on this curve, 
the value of the impurity line of the unknown may be read 
off directly from this curve. If the density of the im- 
purity line in the comparison spectrum falls outside the 
curve, a parallel curve (line) is drawn through this point, 
and the value of the unknown read off this latter curve. The 
accuracy obtained with either method of evaluating the 
plates is considered the equal of the usual method described 
by Nitchie, requiring that all the standard spectra be photo- 
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graphed on the same plate as the unknown. Either meth- 
od results in an appreciable saving in time over the original 
Nitchie method; and, for a routine laboratory, gives satis- 
factory accuracy. 


Standard Solutions and Solutions 
for Analysis 


Synthetic standard solutions were prepared from ma- 
terials that, with few exceptions, were available in the 
laboratory. 

The standards for the determination of molybdenum in 
stainless steel (corrosion-resisting-steel) were prepared by 
adding definite quantities of standard molybdic acid solu- 
tion to solutions of samples of the Bureau of Standards 
Stainless Steel No. 73, whose chromium content is 13.93 
per cent and molybdenum content 0.005 per cent. The 
molybdic acid solution was made by dissolving 1 gram of 
100 per cent MoO, in 5 c.c. concentrated NH,OH, and 
diluting to 22.2 c.c. with water. Hence, 1 c.c, of this solu- 
tion is equivalent to 0.03 grams molybdenum. Samples of 
the No. 73 steel were weighed out and 30 c.c, of 1-1 HCl 
added. The solutions were boiled, oxidized with 1-1 
HNO, and cooled. Standard molybdenum solution was 
then added by a micropipette. All solutions were then di- 
luted to 30 c.c. with water. The amount of molybdic acid 
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was calculated so that the five standards varied in steps of 
0.15 per cent Mo, the steel sample plus Mo amounting to 2 
grams. ‘This gave synthetic standard solutions with a con- 
centration of 1 gram steel per 15 c.c. solution. 

To analyze a sample of this type of steel, a solution is 
prepared by dissolving 2 grams in 30 c.c. of 1-1 HCl, boil- 
ing, oxidizing with 1-1 HNO,, cooling and diluting to 30 
c.c. with water. For analysis, a 0.2 c.c. sample of this 
solution is placed in a recessed graphite electrode, 0.230 in. 
deep. 

To prepare the synthetic standard solutions for the de- 
termination of molybdenum in S. A. E. 4340 nickel-chrome- 
molydbenum steel, the Bureau of Standards Steel No. 32-b 
was used as a base. This steel analyzes as follows: 0.413 
C, 1.21 Ni, 0.638 Cr and 0.005 per cent Mo. The molyb- 
dic acid solution used for the corrosion-resisting steel 
standards was also used in this case. These standards ran 
from 0.25 to 0.50 per cent Mo in steps of 0.08 per cent Mo. 

The samples of the No. 32-b steel were treated with 
25 c.c. of 1-1 HCl and 5 c.c. of 1-1 HNO,; boiled; then 
the solutions were evaporated to about 20 c.c. volumes. 
They were then filtered, and washed with hot 1-1 HCl and 
water. Suitable amounts of molybdic acid solution were 
then added to the corresponding solutions; each solution 
was then diluted to 30 c.c. with water. The steel samp 
plus Mo in each case amounted to 2 grams. This gave stand 
ard solutions whose concentration was 1 gram steel per 15 
c.c. To analyze a steel of this type, a 2-gram sample is treat 
ed as above in preparing the standards, with the exceptio: 
of the addition of the molybdic acid solution. The ana! 
ysis is performed on a 0.2 c.c, portion of this solution in ; 
graphite electrode, 0.230 in. deep. 

In preparing synthetic standard solutions for use in 
analyzing zinc, spectroscopically-pure zinc (99.9987% ) 
was used as a base. Four standards of the following com 
positions were made up: 


No. 1, No. 2, No. 3, No. 4 

Per Cent Per Cent Per Cent Per Ce: 

BONN? Was a cwints s Maace Yael 0.04 0.03 0.02 0.01 
RE 2 Ce aha ee rue 0.50 0.36 0.23 0.1( 
Mn. cs ss cbemeeemes 0.24 0.18 0.12 0.0% 
SNR <n oad dirs waa em een Remainder Remainder Remainder Remain 


These solutions were prepared from suitable weights o! 
the following: Zinc, spectroscopic; lead, spectroscopic, 
iron, reagent wire (99.8%) ; and Cd (OH),, C.P. 

The materials comprising each standard (10 grams) 
were treated with 15 c.c. concentrated HCl. When action 
stopped, 15 c.c. concentrated HNO, was added. When so- 
lution is complete, dilute to 30 c.c. with concentrated HCl. 
This gives standards whose concentration is 1 gram metal 
per 3 c.c. To analyze a sample of zinc, a 10 gram sample 
is treated as above. The analysis is performed on a 0.07 
c.c. sample, using a graphite electrode with a 0.160-in. 
deep recess, 


For making standards to be used for Grade A spelter, 
four standards of the following composition were similarly 
made up: 

No. 11, No. 12, No. 13, No. 14, 


Per Cent Per Cent Per Cent Per Cent 
PAS rs eee ee 0.03 0.02 0.02 0.01 
Da. ooo anes widate weed 0.07 0.05 0.03 0.01 
DK. «5 adeno 6ueeoeaa 0.07 0.05 0.03 0.01 
Ph 6 os es kadaenyeewe Remainder Remainder Remainder Remainder 


The materials comprising the above four standards were 
put into solution in exactly the same manner as the 
standards for the Grade A zinc. The metal concentration 
of the standards was 1 gram per 3 c.c. as before. To 
analyze Grade A spelter, a 10-gram sample is treated as 
the standards were. The analysis is performed on a 0.10 
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c.c. sample, using a graphite electrode with 0.160 in. 
deep recess. 

For the spectroscopic determination of the impurities in 
99.9 per cent minimum lead, two sets of standards were 
made up. One set (L-series) contains the silver, bismuth, 
zinc and copper impurities, the other set (S-series) contains 
the tin, antimony, iron and nickel impurities. The composi- 
tion of the L-series of standards is: 


Lat. L-2, L-3, 
Per Cent Per Cent Per Cent 
NN er Sho Coutts kin in wal oteiece ah 0.005 0.003 0.001 
DE cs bhees neath cobb ad Kbaeie 0.005 0.003 0.001 
Se a eal, oh ae id eke fw ae 0.002 0.001 0.0005 
COMOEP bac the ctcsvespecccceesces 0.060 0.030 0.010 
ROM oe so hd ieee ea ee are Remainder Remainder Remainder 


For use in making the above standards, impurity solu- 
tions were made up: 


Bismuth 0.200 grams Bi(NOs)s.5H2O in 25 c.c. water. 
Silver 0.200 grams AgNOs in 100 c.c. water, 
Zine 0.100 grams ZnO dissolved in HNOs and diluted to 100 ec.c. 


with water. 

The L-series of standards was prepared from suitable 
amounts of spectroscopic lead, these solutions, and c.p. cop- 
per nitrate. These materials (4 grams per standard) were 
treated with 6 c.c. concentrated HNO, plus 16 c.c. water; 
cooled, and diluted to 32 c.c. with water. 

Hence, the metal concentration was 1 gram per 8 c.c. of 
solution. To analyze a sample of high purity lead for the 
[-series of impurities, 4 grams is treated as just outlined, 
ind a 0.1 c.c. portion is taken for analysis in a graphite 

lectrode with a recess 0.160 in. deep. 


The composition of the S-series of standards is as fol- 
ws: 


S-1, S-2, S-3, 
Per Cent Per Cent Per Cent 
ttm? i ledn ted be aweae a hecene 0.01 0.005 0.001 
iN ccckswoe sea sack its caeweuns 0.003 0.002 0.001 
y ee ee ee & . 0.005 0.003 0.001 
Os. wea es ba eke a beens 0.008 0.004 0.001 
ad ..soedebdacen cbr tame. Remainder Remainder Remainder 


Impurity solutions for making the S-series standards were 
repared as follows: 
Tron 0.100 gram iron reagent wire was dissolved in 
HNOs and diluted to 100 c.c. with water. 
Nickel 0.100 gram C.P. Ni(NOs)2.6H2O in 27 cc. water. 
Antimony 0.100 gram antimony powder dissolved in HCl and 
HNOs, and diluted to 100 c.c. with water. 
Tin 0.100 gram reagent tin dissolved in HCl and HNOs, 
and diluted to 100 c.c. 
The S-series of standards were then prepared from suit- 
able amounts of spectroscopic lead and these solutions. 
These materials were treated similarly to the L-series of 
standards. ‘This resulted in the same metal concentration 
of 1 gram per 8 c.c. A sample of lead for analysis for the 
S-series of impurities is also treated as for the L-series; 
however, a 0.2 cc. portion is taken for analysis in a 
graphite electrode with a recess that is 0.230 in. deep. 
Standards for use in the determination of aluminum in 


copper-nickel alloy (Monel metal), were prepared as fol- 
lows: 


Spectrograms of Standard Steels—S.A.E. 4130 Type. No 
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Note: Density =Log opacity 
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Working Curve for Determining Lead in Pig Tin. 
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It was decided that the synthetic standard copper-nickel 
alloy would be composed of: 


: Per Cent 
i Gar0G sot ice 5 éeGbehe ened ER4 are Res 29.0 
SES Bh ik eS RCE Sekar es 6 OSE ERA DLS Sead be 4a 68.5 
Lg cir alu. Math Sn 6 G6 EE 40 o0 0 Smale ya ees 1.3 
IR hc c cold 6s BRR RS 0 eV andeahs bee 0.9 


This is the approximate composition of the substance as 
usually received. Hence, on a basis of 25 grams of metal, 
there was weighed out: 


Grams 


Copper, 99.9% grade ......... 5 7.25 
Ni(NOs)2.6H20—C.P. ..... rnin alg ats 84.8 
ST i ON MU es oss Wiss bbws eves 0.324 
Mn(CHsCO2)s.4H2:0—C.P. ............. 4 1.00 


These materials were dissolved in 65 c.c. concentrated 
HNO.,, and then diluted to 150 c.c. with H,O. To 25 c.c. 
aliquots of the 150 c.c. solution, there was then added suit- 
able amounts of standard aluminum solution to give 0.05, 
0.10, 0.25 and 0.50 per cent Al. 

The 25 c.c, aliquots, after receiving their respective 
amounts of aluminum solution as above, were diluted to 
33.3 c.c. This resulted in standards with a metal concen- 
tration of 1 gram metal per 8 c.c. solution. The aluminum 
solution was prepared by dissolving a 1 gram sample of 
Bureau of Standards aluminum (99.885% Al) in 15 c.c. 
aqua regia and then diluting to 100 c.c. with water. A 
sample of copper-nickel alloy for analysis is treated as fol- 
lows: 2 grams are dissolved in 16 c.c. of 1-1 HNO,, 
cooled, and diluted to 16 c.c. with water. This approxi- 
mates the acid content of the standards. A 0.1 c.c. portion 
is used for analysis. 


Summary of Spectrographic Details 


In the following, a summary of the spectrographic de- 
tails that are used with the materials and standards just 
described is given: 


. 1—0.005% Mo; No. 2—0.25% Mo; No. 3—0.33% Mo; 


No. 4—0.40% Mo and No. 5—0.50% Mo. 
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Depth of Rotary 
Sample Recess Sector 
Size, In Anode, Opening, 
c.c. in. Per Cent Plate 
Corrosion-Resisting steel .... 0.20 0.230 25.0 Process 
Se -Be, £340 Gtier: ... .. cv awe 0.20 0.230 50.0 Process 
SEE teisih nc GE heath a 6-0. < 00 & curate 0.07 0.160 12.5 No. 33 
PON eae ok 250 0 a bike's 0.10 0.160 25.0 No. 33 
Lead, 99.9% minimum. 
oot. se 0.10 0.160 12.5 Process 
wg  Baere rer ee 0.20 0.230 100.0 Process 
Copper-nickel alloy ..... tea, (O90 0.160 100.0 No. 33 


In addition, all exposures are 2 min.; all slit widths are 
40 microns. Processing of plates has already been de- 
scribed. Excitation in every case is the 110 volt, D. C. arc, 
with the arc adjusted to 8 amps. and 50 volts across the 
graphite electrodes, as described previously. The lines 
used for evaluating the impurities in the above materials 
are: 

Steels yer ; Mo at 2816.15 A 
Zines .. ..s Cd wt 3261.05 A 
Pb at 2873.32 A 
Fe at 2719.04 A 
Leads ... ce 4s bite os Sb at 2598.08 A 
Sn at 2863.32 A 
Fe at 2719.04 A 
Ni at 3002.49 A and 3003.63 A 
Ag at 3280.67 A and 3382.88 A 
Bi at 3067.73 A 
Zn at 3345.6 A and 3345.9 A 
Cu at 3247.55 A and 3273.97 A 
Copper-nickel alloy........ Al at 2660.3 A 


Special Methods 


In the preceding, the writer has given details for the 
preparation of synthetic standards and methods of spectro- 
graphic analysis for several materials. These are typical of 
several dozen methods that have been developed for metal- 
lurgical substances. However, our laboratories also ex- 
amine high purity chemicals, including sodium nitrate, 
barium nitrate and strontium nitrate, and others. In at- 
tempting to work up spectrochemical procedures for these 
salts, it was found impossible to make satisfactory progress 
using methods similar to the ones for metallurgical alloys. 
For example, in the determination of calcium and sodium 
in barium nitrate, graphite electrodes and the ultra-violet 
spectral range proved unsatisfactory. The graphite elec- 
trodes contained sufhcient calcium to make the determina- 
tion of this element impossible. The increased blackness 
of the background in the region of the sodium lines at 
3302.34 A and 3302.94 A also made it impossible to de- 
tect sodium with graphite electrodes. The method to be 
described here was finally developed for the analysis of 
barium nitrate. It is typical of the methods of analysis of 
many of our chemicals. 

Instead of graphite, copper is used for the electrode ma- 
terial. The copper electrodes are 0.444 in. in diameter by 
2 in. long. The anode has drilled in its upper end a re- 
cess, 6.358 in. in diameter by 0.190 in. deep. The cathode 
is given a very blunt chisel-edge. The synthetic standards 
are in the form of dry salts containing varying amounts of 
impurities. The base material for the barium nitrate 
standards is our C. P. barium nitrate, which contains a 
trace of sodium (negligible) and 0.008 per cent of cal- 
cium salts as CaO. In preparing the synthetic standards, 
standard calcium and sodium impurity solutions were first 
made as follows: 

Calcium: 1 gram C.P. CaCOs is dissolved in a small amount of 


HNOs; boil thoroughly; and dilute to 50 c.c. with 
water. . 


Sodium: i gram of C.P. NaNOs is dissolved in water and di- 
luted to 20 c.c. 


Suitable amounts of C.P. barium nitrate are then placed 
in 250 c.c. beakers and the proper amounts of standard 
calcium and sodium solutions, given below, are added from 
a burette. The mixtures are well stirred, and then placed 
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m a 100 deg. C. oven until dry. When dry, the salts are 
ground in a mortar, and well mixed, resulting in dry, syn- 
thetic chemicals with impurities covering the desired ranges. 
For our standards, the following mixtures were adopted: 


Standard Standard Standard 
No. 0, No. 1, No. 2, 
Per Cent Per Cent Per Cent 
ee ask sks POS trace 0.093 0.15 
sR Sg Ae 0.008 0.15 0.30 


In analyzing a sample of barium nitrate, a 0.5000 gram 
sample is placed in the recess of the copper anode. Excita- 
tion is by the 110 volt, D.C. arc, with the arc adjusted to 
give a current of 3.5 amperes. A No. 144-B plate is used. 
The slit is reduced to 20 microns. The exposure is re- 
duced to 1.5 min.; and the rotary sector is set to transmit 
12.5 per cent of the light. The plate is developed 2.5 
min., rinsed and fixed 5 min., using the solutions previously 
described. The spectrograph is adjusted to photograph 
the spectral region between 3680 A and 6500 A, using 
quartz optics. On the plate with the sample to be analyzed 
is placed the spectrum from one of the above standards. 
The lines used for evaluating the calcium and sodium are: 


Calcium: The pair of lines at 3933.67 A and 3968.47 A 
Sodium: The pair of lines at 5889.97 A and 5895.93 A 


= 


The spectrographic methods described have been tested 
for accuracy and precision and also compared with routine 
chemical methods. Repeated spectrographic analyses for 
molybdenum were made on Bureau of Standards Steel No. 
111, the molybdenum content of which is 0.215 per cen 
These results were then compared with the routine chemi 
analysis on the same steel. Results were as follows: 


By Spectrographic 


Analysis Analysis, Accuracy, 
No. Per Cent Per Cent 
Oe celine ethane 6 a kena hee 0.195 — 9.3 
e £6btas ws Keres tbe eth alee 0.183 —14.9 
a a a a 0.225 + 4.7 
es bw bs AS 68 6 OAD A's 0.200 ~— 7,0 
ie ss a a atte ee a othe ado 0.230 + 7.0 
ib unbns ebb a eeneasedtecs 0.212 — 1.4 
P tee Ea 40 bho Dwar be aa eel 0.185 —14.0 
Averaging the above table gives: 
Per Cer 
{ Percentage Accuracy ....... 8.3 
Spectrographic Analysis. | Percentage Deviation of Mean 2.8 
Chemical Analysis ...... S RWOON.» bac os dee we-caes 0.24 
) Percentage Accuracy ....... 11.6 


These spectrographic analyses were made by one of the 
methods outlined; namely, the spectrum of the Bureau of 
Standards Steel No. 111 was photographed on a plate with 
one of the S.A.E. 4340 synthetic standards. A special 
standard was prepared for this purpose, containing 0.15 
per cent molybdenum. Then, opacities of the molybdenum 
lines at 2816.15 A were determined for both spectra, using 
the densitometer. Opacity was considered equal to 


clear plate reading — zero reading 
molybdenum line reading — zero reading 





The opacity of the 0.15 per cent molybdenum standard 
was then plotted on a graph containing the curve of opacity 
versus concentration for our S. A. E. 4340 synthetic 
standards, using double log paper. A line was drawn 
parallel to this curve through the 0.15 per cent point, and 
the value of the molybdenum content of Bureau of 
Standards Steel No. 111 was read off this curve. 

Frequently, the accuracy of a method has been tested as 
in the following case of the determination of antimony in 
bearing bronze: 


Per Cent 
Spectrographic Analysis of Ingot: Sb 0.10 
Antimony powder added to heat equivalent to 0.12 
Spectrographic Analysis of Casting: Sb 0.24 


METALS AND ALLOYS 








It is the belief at this laboratory that our spectrographic 
methods give greater accuracy than many of the chemical 
methods which they have displaced. This is particularly 
true in molybdenum determinations in steel where it has 
heen found that chemical determinations may easily be 50- 
75 per cent in error, if the analyst has relaxed his attention 
to detail in the least. 


Conclusion 
The writer has described in detail some methods used at 


a large, technical laboratory, for the spectrochemical anal- 
ysis of a wide variety of products. Methods for the prep- 
aration of synthetic standards are indicated, and attention 
is drawn to the fact that many standards can be prepared 
from materials found in every laboratory. Reasons are 
given to demonstrate that the graphite electrode-solution 
methods are preferable in a busy laboratory that cannot wait 
for metallic electrodes to be machined from the substasice 
to be analyzed. 


Wanted: An International Committee on Nomenclature 


by Albert Sauveur 


Cambridge, Mass. 


''T MUST BE APPARENT to American students of 
' metallography that a schism has developed in their ranks 
hich, if not promptly healed, will confuse and disconcert 

w adepts in this important field. 

| have more especially in mind the differences of opinion 

d by certain groups as to the meanings which should be 

iched to the terms pearlite, sorbite, and troostite. 

in 1910 a committee was organized by the International 

sociation for the Testing of Materials to consider ‘‘the 

menclature of the microscopic substances and structures 
steel and cast iron.’” This committee was composed of 

following members: H. M. Howe (United States), 
irman; F. Osmond (France), H. C. H. Carpenter 
igland), W. Campbell (United States), C. Benedicks 
eden), F. Wiist (Germany), A. Stansfield (Canada), 
. Stead (England), L. Guillet (France), E. Heyn (Ger- 
ay), W. Rosenhain (England), and Albert Sauveur 
nited States), secretary. 

in its report presented in 1912 the committee defined 
pearlite in the following terms: “The iron-carbon eutectoid 
consisting of alternate masses of ferrite and cementite. A 
conglomerate of about 6 parts of ferrite and 1 of cementite. 
When pure, contains about 0.90 per cent of carbon, 99.10 
per cent of iron.” 

The definition implied that pearlite was that constituent, 
approximately eutectoid in composition and clearly lamel- 
lar in structure, resulting from the slow cooling of iron- 
carbon alloys through their thermal critical ranges. It was 
the product of the slow transformation of austenite of 
eutectoid composition. If austenite was not originally of 
eutectoid composition, then not until it had reached that 
composition through the rejection of ferrite or of cementite 
would pearlite form. All of which was in agreement with 
our understanding of the teaching of the equilibrium dia- 
gram. 

This conception of the nature of pearlite was universal- 
ly accepted and remained unchallenged for a quarter of a 
century. 

In recent years, however, some writers have proposed to 
describe as pearlite all aggregates of ferrite and cementite, 
with the exception of martensite, resulting from the cooling 


JUNE, 1938 


of austenite to room temperature quite regardless of the 
carbon content and microstructure of these aggregates. In 
other words, they now propose to describe as pearlite those 
structures or constituents which in the past had been de- 
signated as troostite and sorbite. 

To illustrate: steel containing some 0.40 per cent car- 
bon cooled in air from its austenitic range, so generally 
considered as sorbitic, is described by them as consisting of 
pearlite, although that pearlite would contain but one half 
the normal amount of carbon present in the eutectoid and 
be very imperfectly lamellar, and that only in spots. Its 
ferrite lamellae would have to be some fourteen times 
thicker than its cementite lamellae. 

In an attempt to show that pearlite is not necessarily of 
eutectoid composition, it is sometimes pointed out that iron- 
carbon alloys containing considerably less carbon or con- 
siderably more carbon than the eutectoid, possibly as little 
as 0.75 per cent or as much as 0.95 per cent, appear under 
microscopical examination to be wholly pearlitic. This I 
believe to be due chiefly to the difficulty of detecting the 
occurrence of small amounts of ferrite or of cementite and 
does not affect the soundness of the definition proposed by 
the committee. 

To have certain authoritative writers refer to some 
microstructures of steel as consisting of pearlite while other 
no less authoritative writers describe them as sorbite or 
troostite should not be tolerated. 

We should speak the same language, but it is not for 
any one of us, nor for any small group, nor even for any 
large group to decide what that language should be. It 
must be an universal language and not a Yankee dialect, 
unless indeed the Yankee dialect is adopted as the universal 
language. There is no room here for arbitrariness, so- 
phistry, or provincialism. 

So important a matter can only be decided by an inter- 
national committee made up of outstanding metallurgists 
representing the various countries in which metallographic 
studies are actively pursued. 


Editor's note—Comment is invited from those who have 
opinions on this topic. 
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United States Steel Corp. Research Laboratory 
Metallurgist Making Creep Test Reading in Specially Designed Furnaces 
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THE MANUFACTURE OF 


Cast Trunnion Bearing Metal 


AND ITS MECHANICAL PROPERTIES 


by Joseph A. Duma 


issistamt Metallurgist, 
rfolk Navy Yard, 


rtsmouth, Va. 


MICROSTRUCTURE 


mPECEKMENS for microscopic examination were taken 
from the large ends of broken tensile bars. They were 


hed by swabbing with NH,OH-H,O,, and their struc- 
e photographed at magnifications of 100 and 500 diam- 


~ 


Fhotomicrographs 


(he photomicrographs in Figs. 3 to 12 inclusive depict 
structural characteristics of good and bad trunnion bear- 
, metal, A study of the structures in relation to their 


physical properties (shown in Table V) discloses the fol- 
lowing: 


(a) The percent elongation parallels very closely the 
percent of alpha phase present in the structure; and, as ex- 
pected, the tensile strength varies in the opposite direction. 

(b) All other things remaining equal, the smaller grain 
structure has the greater ductility and vice versa. 

(c) Apparently neither the size, nor the form, nor the 
density of the Fe-Zn crystals exerts any considerable influ- 
ence on the mechanical properties. Good and bad map- 
ganese bronze, and good and bad trunnion bearing metal 
contain them. 

(d) Fine alpha needles are associated with high strength 
combined with high elongation. 

(e) The structures whose physical properties meet speci- 
fication requirements are homogeneous beta containing very 
little, if any, alpha material. 


The probable microstructure for various combinations of 
tensile strength and elongation may be forecast as follows: 
Physical Combinations Microconstituents 


Sufficient ductility* but insuffi- Numerous and coarse alpha 
a5 Strength. (Figs. 4 and reeds in a beta matrix. 


Sufficient tensile strength but in- Little, if any, alpha material; or 


sufficient ductility, (Figs. 9 coarse,** structureless beta. 
and 10). 
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Insufficient tensile 
and insufhcient 
(Fig. 10). 


strength Long acicular shafts of alpha in 
ductility beta; or alpha grains en 
meshed in a mottled network 


; of brittle material. 
Sufficient tensile strength and 


sufficient ductility. (Figs. 7 Fine alpha reeds in compara- 

and 8). tively small grains of beta; 
or homogeneous beta also of 
small grain size. 


* Insufficient ductility—less than 15.0%. 

Insufficient tensile strength—less than 100,000 Ibs. per sq. in. 
* * Coarse grain—greater than 114 in. in any direction under 
100X. 


HEAT TREATMENT 

T WAS believed that extremely hard and brittle trunnion 
| compositions might be made ductile, and conversely, soft 
and weak ones strengthened, by heat treatment. A search 





Table V—Physical Properties of the Metals Shown in 





Figs. 3 to 12 
Chemical Composition, Per Cent 
Heat r— . —— ~ _- Shown in 
No. Cu Zn Fe Mn Al Fig. 
333E 73.31 16.75 3.05 3.75 3.14 3 
334 71.37 18.58 2.01 3.51 4.53 5 
397 68.51 21.55 2.10 3.34 4.50 6 
440 67.48 22.26 2.27 2.64 5.34 7 
362 65.78 23.32 2.49 3.61 4.380 8 
325 66.93 23.11 1,92 4.29 3.51 9 
390 os wpe ; ve aor 10 
51 71.70 14.91 3.02 4.32 6.05 11 
333A 73.31 16.75 3.05 3.75 3.14 12 
Physical Properties 
Tensile Yield 
Strength, Point, Reduction ’ 
lbs. per Ibs. per Elongation, Area, Brinell 
sq. in, sq. in. per cent per cent Numeral 
333E 73,250 31,250 44.5 43.50 128 
5 79,450 35,000 31.5 30.28 138 
334 85,750 46,000 21.5 22.35 167 
397 101,500 60,000 18.0 20.50 192 
440 104,500 63,000 15.0 17.00 196 
362 115,500 82,250 17.0 19.89 223 
325 120,000 78,750 10.0 13.38 223 
390 112,500 83,750 13.5 16.50 223 
51 92,000 54,150 5.0 7.00 202 
333A 57,000 30,500 15.0 22.19 116 
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Fig. 3. Photomicrograph of Heat No. 333E Shows 
Fairly Fine, Twinned Alpha Grains Together with 
Some Beta. 100 X. 
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Fig. 3B. Same as Fig. 3 but Unetched, Showing 
Fe-Zn Crystals. 100 X. 


Fig. 4A. Same as Fig. 4 but at 500 X. 









Fig. 3A. Same as Fig. 3 but at 500 X. 





Fig. 4. Photomicrograph of Heat No. 5 Shows 

Small Fe-Zn Crystals wth Dark Centers, Scattered in 

Al pha (White Grainlets) and in Beta (Dark Ground 
Mass) 100 X. 


Fig. 5. Photomicrograph of Heat No. 334 Shows 
Alpha in a Matrix of Beta. 100 X. 
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Fig. 6. Photomicrograph of Heat No. 397 is Made 
Up of Small Reeds of Alpha Lying within Grains of 
Beta. 100 X, 
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Fig. 6A. Same as Fig. 6 but at 500 X. Fig. 7. Photomicrograph of Heat No. 440 Shows 
Fine Grainlets of Alpha in Beta. 100 X. Compare 
the size and the number of the above alpha and beta 

grains with those in Fig. 4. 


Fig. 8. Photomicrograph of Heat No. 362 Shows 


; : Beta Containing Tiny Crystals of Fe-Zn Compound. 
Fig. 7A. Same as Fig. 7 but at 500 X. "100 X. 






































Coarse Beta Grains. 100 X. 
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Fig. 9A. Same as Fig. 9 but at 500 X. Fig. 9B. Same as Fig. 9 but Unetched. 100 X. 


Fig. 10. Photomicrograph of Heat No. 390 Shows 
Coarse Beta Grains. 100 X. Fig. 10A. Same das Fig. 10 but at 500 X. 


























Table Vi—Brinell Results on Experimental Heat Treatments 


Solution Treatment 


Aging Treatment 
Bri- -— a A 


SS ee, ee — * — 

nell Temp., Temp., Dif- 
Heat <As-_ deg. deg. Bri- fer- 
No. cast F. Hold Coolant F. Hold Coolant nell ence 
(1) 465 193 1700 Ihr. water aS ea en 200 + 7 
(2) 465 193 1700 Ilhr. air Pe Pee, Pee 193 0 
(3) 465 193 1700 Ihr. furnace jwise. axa! Sekle's~ 167 —26 
(4) 465 193 1700 thr. water 1250 lhr. furnace 190 — 3 
(5) 358 187 1650 lhr. water 8A 7 OORT a a 7 207 +27 
(6) 358 187 1650 Ilhr. water 1200 2hrs. furnace 197 +10 
(7) 5 138 1650 lhr. water Peat geen eie ge 207. +69 
(8) 5 138 1650 Ilhr. water 1000 4hrs. air 202 -+64 
(9) 5 138 1650 Ilhr. water 1200 4hrs. air 183 +45 

(10). CR ee Re NS a a ge a whe ke Cracked 
(31) . So Bree nae: Or Re asks pe me e's 228 0 
(12) a, a ee OD. Saw ae bbe: fw cae s * 228 0 
(13) 5 138 1550 lhr. water Wa cae Ra ae 207 +69 
(14) 5 138 1550 lhr. water 1200 4hrs. air 170 +32 
(15) 5 138 1550 Ilhr. air ee Needs,” heterce 4 149 +11 
(16) ee >) Me NS DS a le aa aie 138 0 
(17) 358 187 1500 Ilhr. water kth Cane. Rie 192 + 5 
(18) 358 187 1500 Ilhr. water 900 3hrs. furnace 197 +-10 
») 358 187 1500 lhr. furnace edits!) etias: de Pek 167 20 
20) 358 187 1350 Ilhr. water Po Oe ey ar 197 +10 
21) 358 187 1350 1hr. water 600 4hrs. furnace 212 +25 
(29) bie. Sen Bee a SE! aa emg se oe Hews 207 +14 
(23) 460 ee eee. EE, SEM. ik oe dw i liveeaes 179 —14 
Oye FF . Bee See reer oe 207 +20 
(25) 300 eee ee | Seveb \ewae . 58a gs 212 0 
(26) 334 165 1075 2hrs. water Re iy Ay Sl PR et 163 — 2 
(27) 148 212 975 2hrs. water ee” 5 ee ts ols 212 0 
(28) 334 165 975 2hrs. water OS te) ade . eae’ oan 165 0 





to discover these treatments was made in the manner shown 

in Table VI. Preliminary exploration for the solution and 

aging temperatures was made solely with the Brinell hard- 
ss test on specimens 1-in. round by 4-in. long. 

(he treatments tried in Table VI seemed to indicate that 

ness could be induced in the metal with slow cooling 

m temperatures of 1650 to 1200 deg. F., and that com- 

tively soft specimens could be hardened by either rapid 

ng (quenching in water) from 1650 to 1200 deg. F., 

pid cooling followed by aging at 1200 to 1000 deg. F. 

o test more thoroughly the effectiveness of some of the 

promising of these treatments, and on larger sized 

imens (cast test coupons), several bars were treated 

then machined into tensile specimens. Table VII con- 

tains a description of these treatments and shows the ef- 

of each on tensile properties. 

mmarizing the data on heat treatment, it is stated that 

ter quenching is damaging to trunnion bearing metal, 

infrequently embrittling it to the point of spontaneous 

cracking upon exposure to comparatively light stresses. 





Table Vil—Showing the Effect of Heat Treatment on 
Tensile Properties 


Heat Treatment 


Heat Temp., Temp., Hold, Cool 

No. deg. F. Hold Coolant deg. F. hrs. ant 
(1) 51 1650 1 hr. water 
(2) 51 1650 1 hr. water 1200 4 air 
(3) 370 1600 1 hr. water 1300 2 air 
(4) 370 1600 1 hr. water 750 2 air 
(5) 370 1600 1 hr. water 300 2 air 
(6) 397 1600 1 hr. water 300 2 air 
(7) 358 1500 1 hr. water 
(8) 379 1500 1 hr. air 
(9) 380 1500 1 hr. furnace 
(10) 400 1450 1 hr. air 
(11) 362 1450 1 hr. furnace 
(12) 398 1450 1 hr. furnace 
Physical Properties 

As-Cast Treated 
a at By asivnthttnlinecantapssiend Na adachnoes is 
Elon- Elon- 


Tensile Yield ga- Red. Tensile Yield ga- Red. 
Strength, Point, tion, Area, - Strength, Point, tion, Area, 
Ibs. per lbs. per per per Ibs. per lIbs.per per per 
P sq.im. sq.in. cent cent sq.in. sq.in. cent cent 
(3) So 92,000 54,150 5.0 7.00 Cracked in lathe 


(2) 51 92,000 54,150 5.0 7.00 78,250 52,500 5.0 10.50 
(3) 370 112,000 83,500 14.0 17.39 62,000 ..... teat? 
(4) 370 112,000 83,500 14.0 17.39 EEE * ina we 7 ES 
(5) 370 112,000 83,500 14.0 17.39 111,000 95,000 5.5 11.90 
(6) 397 101,500 60,000 18.0 20.50 Cracked in lathe 
(7) 358 94,500 55,000 15.5 20.00 80,250 76,500 1.5 2.76 
(8) 379 113,750 81,750 14.0 17.39 113,000 83,250 13.0 15.50 
AC 380 115,750 84,750 13.0 15.58 114,500 85,250 12.5 16.67 
(10) 400 101,500 59,000 16.0 20.50 107,500 72,750 11.0 13.02 
(1 362 115,500 82,250 17.0 19.89 113,250 80,750 16.0 20.24 
2) 398 104,750 64,500 15.0 17.75 100,500 58,000 14.0 17.75 





Fig. 11. Photomicrograph of Heat No. 51 Shows 
Long Slender Shafts of Alpha in Large Grains of 
Beta. 100 X. 





Fig. 11A. 


Fig. 11B. Same as Fig. 11 but Unetched. Fe-Zn 








Same as Fig. 11 but at 500 X. 


crystals present. 
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Fig. 12. (Left) Photomicrograph of Heat No. 33. 

Brittle Material. 100 X. F 
Fractures of water quenched specimens were found to con- 
sist of very regular crystals having smooth, almost recti- 
linear outlines. The slow cooling treatments, though not 


harmful to tensile properties, are of doubtful value from 
the standpoint of economy. 


SUMMARY AND CONCLUSIONS 


WAY of making good trunnion bearing metal has been 
A described. Essentially, it consists of: (1) alloying defi- 
nite quantities of virgin metals; (2) pigging the alloyed 
metal; (3) remelting the pigs with suitable admixtures of 
aluminum and zinc at temperatures not exceeding 2050 
deg. F.; (4) maintaining the metal at these temperatures 
for a standardized holding time so as to limit the loss of 
zinc and other elements; (5) and pouring the metal at the 
lowest possible temperature consistent with good foundry 
pouring practice. 

If for some reason a heat has been made incorrectly, or 
from pigs whose composition is not known, and tensile 
tests from the remelted metal indicate sufficient strength 
but insufficient ductility, the metal is most likely high either 
in aluminum or zinc, or both, and can best be made ductile 
by a third remelting without any but a deoxidizing addi- 
tion. The length of holding time at the melting tempera- 
ture should be proportional to the amount of ductility re- 


A Shows Alpha Enmeshed in a Network of Comparatively 
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Same as Fig. 12 but at 500 X. 


quired. Every 10 min., of holding time at a melting tem- 
perature of 2050 deg. F. is approximately equivalent to a 
pick up of 2.0 per cent elongation. Just the required 
amount of ductility should be aimed for, and no more. 
Overholding the metal will lower its tensile strength below 
the specified limit. If, on the other hand, tests show the 
metal to be sufficiently ductile but deficient in strength, a 
very small amount of aluminum and zinc, in the ratio of 
1:4 will strengthen it. For the compositions shown in 
Table III, every 1.0 per cent zinc plus 0.25 per cent alumin- 
um will raise the tensile strength by approximately 3500 |bs. 
per sq. in. 

This paper is not intended to present a complete answer 
to the problem of producing cast trunnion bearing metal. 
It is hoped, however, that it will serve to clarify some of 
the factors involved therein and assist the foundrymar in 
producing consistently good trunnion bearing metal. 
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pearlite” as qualitative expressions, to bridge the gap be- 
tween lamellar pearlite and primary troostite. We don’t 
like the emulsified pearlite phrase very well and are hoping 
someone will suggest a better, but it struck us as more de- 
scriptive than to try to make sorbite cover this as well as 
the meaning, that no one will want to take away from it, 
of a decomposition product of martensite. 

Thus, by starting with a desire to keep sorbite straight, 
we wound up with a use of pearlite that does not require 
it to be clearly lamellar in structure, nor to be a result of 
equilibrium conditions. We never do reach equilibrium 
conditions, anyway. 

Having defined the way he is using the terms, any writer 
is free to use what terms he will, whether or not some 
committee has put the stamp of approval on those particu- 
lar definitions. If they make sense, other writers will use 
them, too. 

It seems to us personally that the way for such matters 
to be settled is as follows: 
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1. Let attention be called to the ambiguity—Prof. 
Sauveur has done this forcefully, 

2. Let those who are sufficiently interested set forth what 
the word means to them and the process of reasoning by 
which they come to feel that that word should have that 
meaning. 

3. Let nature take its course, /.e., let other people de- 
cide what it means to them and use it to denote such mean- 
ing. 

4. Then, and only then, let an A.S.T.M. Committee, of 
a Jexicographer, report what accepted usage has come to be. 

5. When new information comes in to add some further 
shade of meaning and again create ambiguity—do it all 
over again. 

We seem to be in Stage 1 at present, in regard to the 
words Prof. Sauveur is discussing. Hence we invite those 
interested to enter Stage 2 and send in their comments for 
publication. 

We think the matter will really be settled by usage based 
on logic, rather than by edict of a past or future committee, 
(Continued on page 148) 
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INFLUENCE OF OXYGEN ON THE 


Aging of Iron and Steel 


by A.B. Wilder 


Assistant Professor of Metallurgical Engineering, 
University of Illinois, Urbana, Ill. 


Quench Aging of 
Low Carbon Steels 


carbon steels without and with various deoxidizers 


including aluminum, manganese, and silicon were quenched 
and aved. The results are given in Table 4 and Fig. 7. 
Wrought iron, although high in oxygen, did not quench- 
age |irden to the same extent as the various steels low in 
OX} The steel deoxidized with aluminum exhibited 





Table 4+.—Quench Aging of Low Carbon Steels Quenched from 
1742 Deg. F. (950 Deg. C.) in Water. Maximum Increase 
in Brincll aHrdness after 30 Days Aging. 


peee] No. wees en 4 5 6 7 8 
(Wrought (No De- (Mn De.- (Al De (Si De- 
Iron) oxidation) oxidizer) oxidizer) oxidizer) 
Ma ease in 
WarviiesS esses 30.8 48.0 62.0 38.9 54.0 





less age hardening than the other steels. It should be ob- 
serve that the hardness of the aluminum deoxidized steel 
after quenching was greater compared to the other steels. 
This indicated aging in the quenching bath and accounts 
for less quench aging as the actual grain size of the various 
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samples was quite similar. The age hardening of the low 
carbon steels may be satisfactorily explained upon the basis 
of carbon with oxygen playing a secondary part. 


Artificial Strain Aging of 
Low Carbon Steels 


It may be observed from Table 5 and Fig. 8 and 9 that 
the maximum hardness obtained from artificial strain-aging 
of various low carbon annealed steels occurs at different 
temperatures and time intervals. All the low carbon steels 
exhibited marked strain aging, aluminum deoxidized steel 
being no exception. The production of non-aging steel 
does not depend, alone, upon the addition of a strong de- 
oxidizer. The conditions at the time of deoxidation are im- 
portant and a suitable heat treatment of the rolled steel is 
usually essential. The author is aware of many unsuccess- 
ful attempts on the part of steel makers to manufacture 
non-strain-aging steels, because of uncontrolled conditions 
at the time of deoxidation and solidification. 

The final hardness values produced by artificial aging are 
the same, if not greater, than the results obtained by nat- 


Fig. 7.—Quench Aging of Low Carbon. Alloys No. IV, V, VI, VI, VIII; quenched from 950 deg. C. 
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Brinell load. 


ural or room temperature aging. The fact that these steels 
behave differently during artificial aging suggests a precau- 
tion to be observed in such observations. The similarity of 
natural and artificial aging is only expressed by the hard- 
ness readings in this investigation. The actual mechanism 
may be different. 


Strain Hardening Susceptibility 


the results cbiained from strain aging annealed and 
heat-treated special deoxidized 0.19 per cent carbon steel 
are expressed in Table 6 and Figs. 10 and 11. The re- 
sults are illuminating in that steel exhibiting practically no 
strain age hardening was produced by special heat treatment 
after suitable deoxidation. Quenching from 1652 deg. F. 
(900°C.) and annealing at 1202 deg. F. (650°C.) pre 
duced a favorable condition contributing toward the non- 
aging property of this steel. Izett steel has long been 
known as a non-aging steel and this property has been ex- 
plained by special deoxidation and heat treatment. It is 
also recognized that the solubility of oxygen decreases as 
the carbon content increases. The heat-treated steel had a 
sorbitic structure, hence the absence of islands of free fer- 
rite. However, it will be recalled that Armco iron respond- 
ed to this treatment to a certain degree, although sorbite 
was absent. 

The properties of a non-aging steel of the type discussed 
originate in the deoxidation practice. It is believed that 
proper deoxidation in combination with heat treatment, 
produces a condition in steel that removes oxygen from a 
state favorable toward strain aging. Sometimes cooling in 
air from temperatures above the critical range may replace 
the quenching treatment. However, in the present inves- 
tigation, quenching from above the critical range and an- 
nealing below the critical range have produced the most sat- 


Fig. 9. 


isfactory steel with non-aging properties. 

In Table 6 and Fig. 10 it will be noted that simple an- 
nealing exhibited marked strain aging. It is possible that 
carbon is the cause of the age hardening and a suitable 
heat treatment stabilizes the element. Little age hardening 
occurs after the special heat treatment. However, the re- 
sults obtained with pure iron-oxygen alloys indicate that 
oxygen is the element stabilized by heat treatment. This 
steel contains an ample amount of carbon, hence the ab- 





Table 5.—Artificial Strain Aging of Low Carbon Steels in 
Brinell Hardness, (Cold worked 3000 kg. Brinell after anneal- 
ing hot worked steel from above the critical range without 
special heat treatment. ) 


Side ING... 6 eis Ree a Sk 4 be 5 6 / 
(No (Mn (Al i 
Temp. Time Deoxi- Deoxi- Deoxi- Deoxt- 
Deg. F. Min. dation) dation) dation) dation) 
77 (26? Gs 0 182.0 182.0 166.0 5 
212 (100° C.) 15 208.0 194.0 185.0 0) 
212 (100° C.) 30 219.0 202.0 200.0 0 
392 (200° £.) 15 187.0 200.0 189.0 0 
392 (200° C,) 30 192.0 219.0 201.5 1.5 
572 (300° C,) 15 191.5 212.0 200.5 213.0 
572 (300° C.) 30 191.0 189.0 212.0 0 
77 tZa~ GC.) 30 days 212.0 226.0 212.0 ».0 
Max. increase in hard- 
ness from heating.. 37.0 37.0 46.0 $,5 





sence of oxygen suitable for precipitation may be the :ause 
of non-aging. The commercial production of non-strain- 
aging steels by suitable deoxidation and heat treatment has 
become common practice. 

The marked strain aging in the annealed specimens after 
a small amount of cold work is of interest. As the degree 
of cold working increases to a certain point the degrce of 
age hardening increases. Greater applications of cold work 
decrease the amount of strain aging, until a point is reached 
in which it does not occur. This may be explained by as- 
suming that age hardening occurs during cold working, 


Strain Aging of Low Carbon. Alloys No. V, VI, VII, VIII; annealed 950 deg. C; aging time 30 mins.; 3000 &g 
Brinell load. 
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The more severe the cold work, the greater the age hard- 


Table 6.—Strain Aging of Special Deoxidized Steel No. 9, 


ening during the operation. Provided the steel is not of a Maximum Increase in Brinell Hardness after 30 Days Aging. 
: ; Son ae . Brinell load, kg. for cold 

non-aging type, these data indicate that the hardness pro- working eee Bevo 125 500 1000 2000 3000 

: 4 , ring 1 ; 7 ' ANNEALED 1652 DEG. F. (900° C.) 
duced by cold working IS partially due to instantaneous Max. increase in hardness.... 37.5 42.5 9.0 7.0 0.7 
iging. QUENCHED IN WATER 1652 DEG. F. (900° C.) 
“—" ANNEALED 1202 DEG. F. (650° C.) 

Max. increase in hardness.... 6.0 1.0 7.0 1.0 7.0 
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Fiy. 10.—Strain Aging of Special Deoxidized Alloy No. IX after Annealing from 900 deg. C. Curve 1—125 kg. Brinell 
load; Curve 2—500 kg. Brinell load; Curve 3—1000 kg. Brinell load; Curve 4—2000 kg. Brinell load; Curve 5—3000 
kg. Brinell load. 
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Fig. 12.—Quench and Strain Aging of Carburized Armco Iron. Curve 1—Alloy No. X quenched from 650 deg. C., 
no cold work: Curve 2—Alloy No. XI quenched from 650 deg. C., no cold work : Curve 3—Alloy No. XI quenched from 
650 deg. C., 500 kg. Brinell, cold work; Curve 4—Alloy No. XI quenched from 950 deg. C. followed by annealing at 
650 deg. C., 500 kg. Brinell load, cold work; Curve 5—Alloy No. XI annealed 950 deg. C., 500 kg. Brinell load, cold 
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Quench and Strain Aging 
of Carburized Iron 


High carbon steel with an appreciable amount of oxygen 
may be obtained by box carburizing. Armco iron was box 
carburized and then treated before aging. The results in 
Table 7 and Fig. 12 show marked aging under certain 
conditions of treatment. 

Steel No. 11 was carburized 75 hrs. and Steel No. 10 
24 hrs. Marked age hardening will be observed in Steel 
No. 11 after quenching from 1202 deg. F. (650°C.). This 


2. The aging of steel after cold working, for the most 
part, is due to the precipitation of an oxygen compound. 

3. The hardness of cold-worked steel may, to a certain 
degree, be caused by aging during the cold-working opera. 
tion. 

4. Aging of low and high carbon steels may occur in 
the quenching bath. The effect depends upon the nature 
and composition of the steel. 

5. Steel that exhibits little, if any, strain aging may be 
produced by proper deoxidation and heat treatment. 





Table 7.—Aging of Carburized Armco Iron Alloys No’s. 10 and 11. 








BPOMEEGR. <2 t0 4. oot ceeeess <2” 1202" F, Q 1202° F. 
(650° C.) (650° C.) 
No cold No cold 
, work work 
I RR. fee OE te a 10 ll 
Max. increase in hardness..... 12.0 45.4 
* Quenched in water. + Annealed. 


$$$ 


Maximum Increase in Brinell Hardness after 30 Days Aging. 


Q 1202° F. QO 1742° F. A 1742° F., 
(650° C.) (950° C.) (950° C.) 
At (650° C.) 
Cold worked Cold worked Cold worked 
500 kg. Brinell 500 kg. Brinell 500 kg. Brinel] 
11 11 ll 
24.0 10.5 3.5 





particular steel did not age harden in the quenching bath 
like the one carburized 24 hrs. and this accounts for the 
marked difference in aging properties. The steel quenched 
at 1202 deg. F. (650°C.) and cold worked did not age 
harden to the same extent as the steel without cold work. 
This is due to aging during the cold working operation. 

Results are not given for steel carburized and quenched 
from 1742 deg. F. (950°C.) but it may be stated that these 
specimens did not age harden. All the aging occurred in 
the quenching bath during the formation of martensite. 
The annealed specimens exhibited little strain aging, es- 
pecially after the full annealing treatment. 

The quench aging may be explained on the basis of car- 
bon with oxygen acting as a secondary factor. The strain 
aging may be explained on the basis of oxygen. Although 
high carbon steels usually do not strain age harden, they 
are low in oxygen. It is possible that the carburized speci- 
mens may have retained sufficient oxygen to account for the 
aging observed. 


Conclusions 


1. The aging of steel after quenching is due to the pre- 
cipitation of a carbide. Oxygen has a secondary part in 
quench aging. 


6. It is believed that a new approach to the problem of 
age hardening in steel would prove to be very fruitful. The 
present investigation makes no attempt to outline the pro- 
cedure, but emphasizes for example the need for deter- 
mining solid solution oxygen. The control of conditions 
in molten steel at the time of deoxidation for the prepara- 
tion of non-aging steel should be defined in terms of cqui- 
librium conditions. 
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no matter how eminent. These things settle down in time 
but they are not.amenable to an off-hand verdict at a time 
when they are in a state of flux. As we stated above, we 
had to make an off-hand verdict for ourselves because we 
had to choose some words and state what we meant by 
them. But nobody else, not even ourselves in the future, 
is bound by what we then decided. 

And in the interests of nomenclature, isn’t Prof. 
Sauveur’s word “schism’’ a bit strong? Words aren't re- 
ligion, they're tools, and like all tools, become dulled and 
need reshaping from time to time. 

It would be nice if words always meant the same, but 
they won't stay put. Sometimes a word goes astray and 
then comes back. “Democrat” meant something different 
in 1910 and 1933; perhaps in 1940 it will again mean 
more nearly what it used to. Fortunately steels react the 
same from year to year, though human beings react dif- 
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ferently at different times. So we have a stable set of 
metallurgical’conditions to describe in words and it should 
be a simple, impersonal task, ultimately to report, as lexi- 
cographers rather than legislators, what definitions are 
generally adaptable. 

To hasten the day when such a report might be made, 
we urge those who have thought these matters out, to send 
in discussions of the points Prof. Sauveur raises. It may 
not be necessary to refer it to the League of Nations! Some 
logical thinker may put things so cogently that, without any 
official action, his phraseology and definitions will become 
current. 

Prof. Sauveur is quite right in stating that it is not for 
any small or any large group to decide what our language 
should be. Every user of the words will make his own 
choice, (preferably after having considered the logic that 
led others to their choices) and all any group can do is to 
report what that choice has been.—H.W.G. 
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A Few Chuckles 


More Electrons in Iron! 


, the Editor: Thinking that, in your busy day, you may have 
sed it, I am sending you a booklet on a certain brand of pig 
.. It contains some, to me at least, revelations. The follow- 

assages particularly appeal to me, and I am wondering how 
lectric melting affects the electron equilibrium. 


Let us consider for a moment the electronic theory. A 
ting is made according to certain specifications and 
mical analysis. It is then put into use, subjected to the 
k and strain that its duty imposes upon it, and later on 
reaks. If it has given average service it is scrapped 
ut further comment and usually replaced by another 
ilar casting. 
the broken casting were sent to the laboratory for 
lysis, it is quite likely the same elements such as carbon, 
con. phosphorus, manganese, sulphur, etc., would be 
und, amd, unless it had been subjected to wear and 
asion, it would be found to weigh as much as it did 
ginally. 
'f the broken casting contains the same chemical analysis, 
has not lost any appreciable weight, is properly designed 
i] made, what causes it to break after performing its duty 
perly for a given length of time? 
According to one of the electronic theories, the casting 
metal has become fatigued, caused by the electrons going 
off into space during the performance of its duty. If 
this be so, it is plainly seen why the continued use of scrap 
over and over is bound to result in inferior castings. Inas- 
much as the quality of scrap is such an unknown factor, it 
becomes more and more essential for the steel maker and 
foundryman to select the highest grade of pig iron obtain- 
able for the base of his mixture. 
From the results obtained by users of our pig iron over 
a period of a great many years, it is our contention that 
our ore (of which there is no other similar deposit to be 
found anywhere) contains either more or an exceptional 
combination of electrons, or both, than any other known ore, 
and that these exceptional features carry on into the iron 
through the process of refinement. 


We had some leakers a while ago, and I assume that we prob- 
ably used gates that had been remelted so many times that the 
electron content was depleted. Then, when we melted them in 
the electric furnace, we pumped them full of electrons, probably 
Super-saturating the iron. During freezing, the excess electrons 
would, of course, be liberated, leaving holes in the casting. We 
had wondered whether the holes were caused by gas or shrinkage 
but are mow suspicious that we have been on the wrong track. 
What we needed seems to be an electron stabilizer. 

Yours for more electrons in iron. 


Cart H. MONKEN, 


Carondelet Foundry eee Superintendent of Operations. 


St. Louis, Mo. 
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‘‘Noble Copper’’! 


To the Editor: Here is a copy of a letter that I have recently 
received. It is one of those things that brighten up an otherwise 
gloomy day. I thought you might like it for your “Chuckles.” 

ALBERT J. PHILLIPS, 
Superintendent. 


Amer. Smelting & Refining Co., 
Barber, N. J. 
Zara, March 20, 1938. 

Dear Mr. Phillips: By a special chemical procedure, in- 
vented by me, it is possible to transform ordinary copper 
(Cu) into a new metal, “noble copper,” as I call it, pos- 
sessing all physical and chemical properties of a noble metal, 
having a yellow tint. 

The cost of production would amount to about 400 Italian 
Lire for each kg. of noble copper, but might be sensible 
reduced by producing on a large scale. 

The process, invented by me, is of the greatest importance 
and liable to provoke a revolution in chemistry, because it 
implies the possibility of transforming all metals soluble in 
nitric acid (H NO3) into noble ones; it offers moreover a 
new method whereby to produce profitably hydrates, as for 
instance petrol, cauis chouk, and, according to my con- 
viction, it enables to imitate nature in artificial production 
of such materials that are at present only available in their 
natural state. 

The aforesaid chemical process only occurs under special 
external conditions, that are present actually in nature only 
at rare occasions. (I had myself the opportunity of utilis- 
ing such special conditions, during a few days only, in a 
period of many years.) 

I have therefore conceived and studied an apparatus that 
could artificially realize those special conditions, responsible 
for the chemical process in question. 

To construct such an apparatus, an expenditure between 
30,000 and 50,000 Italian Lire is required, a sum, that 
owing to my financial conditions I never was able to secure. 
As before mentioned, I was forced to avail myself of 
those rare opportunities offered by nature, succeeding in 
experimental production of little quantities of noble copper 
alone. 

If my invention interests you, we might conclude an 
agreement, regulating the construction of the apparatus, on 
your expense, the subsequent testing and acquisition of my 
invention, that in my belief, should not be advisable to 
patent, at least, for the present. 

As I have no means to go to your country and ask from 
you no other financial support, I believe the best would be 
for you to provide for the construction of the apparatus 
somewhere, possibly in a place near or in my residence, 
where I could direct the work and, when completed, prove; 
the value of my invention. 

I should like to have from you an answer including your 
conditions for the proposed agreement. 

I beg not to quote in any case in your reply the specific 
nature of my invention. 

Please possibly correspond in german or french. 

{In presenting this unique and interesting communication, edit- 
ing was purposely omitted.—Editor] 


A Freshman’s Conception of Metallurgy 


To the Editor: The following is an excerpt from a quiz on an 
introduction to metallurgy. It was written by a freshman. I 
thought it might be of interest to you for “Chuckles” as an indi- 
cation of what is really wrong with this old world of ours. 

So it can be observed that, as Metallurgy has grown, so 
have science and mankind grown. Without metallurgy there 
could be no civilization. The backward peoples are those 
who have never been fortunate enough to study metallurgy. 


Roy Warp Dnarier. 
Michigan College of Mining and Technology, 
Dept. of Metallurgy, 
Houghton, Mich. 
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hat ls Made of Malleable Iron? 


by Enrique Touceda 


13 Broadu ay, 


Albany, N. Y. 


N receipt of this article, we suggested that it ought to be 
(} expanded to deal also with short-cycle and pearlitic malleable, 
as well as the old stand-by, standard malleable. We were in- 
formed, however, that on those scores the industry is in a state 
of flux. In other words, how can one justly select an example 
of the newer modifications of malleable as representative, and 

rmine how it compares with standard malleable in produc- 
tion cost, machinability and toughness, when the newer types 
are themselves being so steadily improved that the comparison 
might be out of date by the time it was published? 

Each of many manufacturers has developed such products 
to meet certain specific needs. Some have wanted as much 
ductility as would go with a certain strength, some have wanted 
strength and rigidity without caring anything for ductility and 

Under the circumstances the manufacturing condition 
taken as a Whole is decidedly chaotic. Lots of important parts 
of well known cars have been made of these pearlitic materials; 
there seems, however, still to be the engineering question how 
far one should go in this direction. 

it seems to us that a most interesting engineering situation 
is evidenced by the relative slowness of acceptance of the new 
types of malleable of higher strength but lower ductility and 
resistance to impact. Regular malleable was used for much the 
same purposes as it is now, in the days when it was only 
required to have 5 per cent elongation, so why has not a much 
stronger and at least equally ductile, pearlitic malleable become 
a more important engineering material. 

Sull one must remember that malleable iron of 5 per cent 
elongation in the olden days was rapidly becoming unsalable. 
It was always weak and engineers were extremely suspicious of 
it. The present extended use of the product was without ques- 
tion made possible by the higher and more uniform physical 
properties which were obtainable regularly by those who put 


HE INCREASING TEMPO of our commerce and in- 

dustry is shifting the emphasis, in engineering and ap- 

plication considerations, from a study of static qualities 
to concern over dynamic and motion properties. There is 
a distinction between the use of materials in Stationary serv- 
ice or controlled conditions and their dependability under 
shock or moving stresses. There is, therefore, a growing 
field for working materials which will endure complex 
stresses. 

This need has had much to do with the introduction of 
alloy grades and specialty products. Among forging bar 
materials, it has stimulated the development of fine grain 
steels. In the field of automatically machined parts, there 
has been an increasing application of higher manganese 
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their minds on their jobs. The tensile and impact values re- 
ported for the newer malleables apparently do not convey much 
meaning to the average engineer, at least not enough so that he 
is as yet willing to go to the use of the material in a very big 
way. Does this not mean that, after all, the mechanical prop- 
erty tests by which we specify, and think we evaluate, metals, 
are not full measures in themselves, but merely the language 
in which service experience is translated into a tongue in 
which we say “per cent elongation” instead of “tough’’? 

That the very mediocre notched bar impact resistance of 
malleable does not mean a lack of utility in shock-resisting serv- 
ice if the parts are properly filleted makes one wonder whether 
it, as well as pearlitic malleable, may not be truly tough enough 
to serve in places where the engineer has feared to use them. 

The great automobile consumers of malleable iron do not 
consider the railway or high tension specification as desirable 
for their purpose. Of the three great producers one makes his 
own castings and the other two buy theirs. None of the three 
have ever displayed any interest in the 35018 grade of malle- 
able iron, presumably being influenced either by machinability 
or foundry considerations. 

There is frequently the consideration that advantage cannot 
be taken of strong material in say an automotive casting be- 
cause there is no possibility of reducing the section which is 
already as thin as a foundryman can make it. The engineer 
may not be much interested in securing greater strength rather 
than less weight if, as is usually the case, he will also have to 
incur higher machining costs. 

In this general connection, who has data on the damping 
properties of regular malleable? Does the presence of temper 
carbon in a ferrite matrix lead to a high damping, like soft 
cast iron, or to a relatively low damping, like the Ford crank 
shaft material?—The Editors. 


steels. Among foundry products, there is a growing ap 
preciation of alloy irons. 

On the other hand, there has been improvement in many 
of the older materials. These fundamental improvements 
in many basic industries and established products may have 
been less spectacular but are none the less significant in 
meeting changed conditions or providing a wider range 
of tough and durable materials. 

Malleable iron is a case in point. While not of recent 
origin, today’s product differs appreciably from the ‘‘black 
heart’’ malleable introduced by Seth Boyden in 1826. This 
metal’s development has been accompanied by changes in 
its usage and expansion in its field. It is today more usu- 
ally a component of machines than it is of static structures 
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J A Truck Rear Axle Housing Casting of Malleable Iron. It is 53 in. long and weighs 230 lbs. 
| 
Na | although it has elements of quality which make it appro- To examine a specific use on automotive parts, the front 
a) priate for both types of application. hub of passenger automobiles is produced from malleable q 
| A survey of some of its current uses with an analysis of iron. The hub is a vital part of the car mechanism, and 
the reasons for its qualifying in the fields involved serves to it must endure the side thrust of a skidding or swaying car 
| indicate its serviceability and working characteristics. as well as the constant pounding of road jolts. 
. Dual flange hubs, such as are used on the rear wheels of 
| | For the Automobile trucks, destialaahs more severe requirements. In a sense, 
| In the automotive field, which consumes a large part of the brake is carried by one flange and the wheel is borne 
“|] the malleable output, uses are featured in items of safety by the other—and sudden stopping imposes conflicting 
f || importance such as axle assemblies, brake and clutch pedals, stresses on the cast part. 
1 || steering parts, and shock absorbers. Some of these uses Among the reasons for malleable qualifying on this \ ital 
| | are illustrated in the accompanying photographs. part is a yield point sufficiently high to meet the strength 
| | Two Parts of Cutter Sickle Guard, Made of Malleable | on, 
1 | Malleable Iron Parts after Being Subjected to Abnormal for an Agricultural Implement. The castings are fini hed 
| Testing and to Attempts at Destruction. by milling machines which are used for removal of ¢ ‘tes 
| 
| 
| 
| 
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| 
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BEFORE TEST 
AFTER TEST 
i aneaine a 





Testing of Malleable Iron. Test bars are 3/, in. square at the end and 11 in, long; they endure three or more 
g 0, ; 4 | . } §; te’ 
complete revolutions, 1080 deg., at usual lathe speeds,, without sign of fracture. 


ents. Yet, while presenting this yield point, rela- 
igh in relation to the ultimate strength, due to its 
\itable modulus of elasticity, the metal can be sub- 
to unusual impact or road shocks without snapping 
idden failure. There is, of course, the additional con- 
sideration that a casting presents this combination of 
strength and ductility in all directions of its structure with 
no necessity for concern over the direction of force appli- 
cation 
For this hub application, malleable iron is able to justify 
participation because of cost and design advantages as well 
is by providing ease and speed in machining. This latter 
ility is an important phase of all automotive parts manu- 
Lacture 
pring hangers are produced in malleable to provide pro- 
rection against occasional overloads. The ordinary load 
Or regular stresses are chiefly borne by the main brace or 
bracket and the routine demands on the hanger are within 
the service capacity of less ductile materials. The shock 
incident to occasional overloads, however, increases the need 
and justifies the application of a tough metal. 
his use directs attention to an unusual relation between 
the tensile strength and elongation of malleable iron which 
is almost unique among ferrous metals. In the case of 
most materials, the relation holds that tensile strength and 
elongation vary inversely, while for malleable iron the 
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stronger product has the higher ductility. This leads to 
the interesting conclusion that both factors of energy of 
rupture and stress and strain work together, and the energy 
of rupture is not limited by a constantly falling elongation 
as the tensile strength is raised. 

In considering another aspect of physical performance, 
the reduction of area in a malleable tensile specimen is not 
restricted to a short length of test. Each unit of reduced 
section is not appreciably weaker than the unstrained por- 
tion of the test length. It has been “toughened’’ by the 
“cold work” and tends to direct the next elongation to an 
adjacent spot. A continuation of this process spreads the 
elongation rather uniformly along the test length so that 
when final fracture occurs, there is no marked reduction of 
area at any point. 

For uses such as the one in question, it appears advan- 
tageous to use a metal which is so toughened by cold work- 
ing when loaded past its yield point rather than one which 
is drawn out. And observation of the behavior of malle- 
able iron and other ferrous metals in the neighborhood of 
their yield points, when being subjected to tensile testing, 
indicates that small overloads should have relatively little 
harmful influence on the malleable material. 

Outstanding uses among truck parts, particularly on the 
modern six-wheelers, are represented in the axle housings, 
spring chairs and perches, and radius rods. The spring 
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A Wedge Type Impact Testing Machine. The test wedge 
absorbs an impact of over 70 ft.-lbs. with each blow from 
the tu p. 


chair is a part which, fitted with a steel bushing, pivots on 
the cross shaft and carries the entire rear weight of the 
body, frame, and load. The radius rods absorb and trans- 
mit all thrust and torque loads from driving and braking, 
being subject to both shock and twist. 

To the motorist, dependability of automotive parts is 
vividly demonstrated by the brake pedal, a part which must 
endure many sudden stresses. Accompanying illustrations 
exhibit a brake pedal as it is produced in the foundry and, 
in the same photo, a companion casting is shown distorted 
in the manner in which leverage is applied in practical use. 
It is obvious that at no time would the part be subjected 
to that kind of usage but this severe test does illustrate the 
fact that the casting can be deformed and bent almost into 
a straight line without fracturing. 
companion pedals, one casting has been twisted into a cork- 
screw to demonstrate its ductility. It is this ductility which 
minimizes the hazard of sudden failure. 


In the other view of 
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For Farm implements 


abuse, malleable’s use is stimulated by factors other than 
its impact resistance although this quality continues as the 
dominant consideration. 
sistance is an important characteristic when taking into ac- 
count the influence of complex soil and atmospheric ex- 
posure to which farming implements are subjected. This 
quality may be viewed as its “weather durability,’ or an- 
other phase of the metal’s all-purpose aspect. 


operations are important essentials of economical participa- 
tion in this field. 








In the agricultural field, where implements suffer much 






Its relatively high corrosion re- 











Freedom from assembly and elimination of machining 






It is necessary for foundrymen to dem- : 





onstrate adaptability to unusual] designs, and to assure the 
An example of how design 






casting s trueness to pattern. 






can be utilized to promote workability and easy maintenance 
is presented in the illustration of parts of a rotary hoe. 

Other outstanding uses in this field are contained in 
tractor and bulldozer parts, in plows, harrows, pulverizers, 
diggers, cultivators and the like, as well as in miscellaneous 
tools and fittings, 











For Railroad Equipment 


In the railroad field, there is on the one hand, a desire L. 
for a low cost and strong material. Due attention is given 







Drift Testing and Cold Punching. Malleable iron may 

eliminate the necessity for drilling because of its adapta’ il- 

ity to cold punching. Note the proximity and clean cut 

appearance of the punched holes. The upper casting shows 

the degree of flaring possible; the central hole was 

panded from a diameter equivalent to that of the other {ur 
holes. 
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Brake Step used on Freight Cars. 





The parts require rigidity, easy drainage, and high resistance to corrosion The 


ratchet wheel, pawl, and pawl plate are also of m ‘le. tble iron. 


however, to shock and corrosion resistance. Items 
is follower blocks and draft gear equipment represent 
uses from a shock standpoint as such parts absorb 
of the impact occasioned by car coupling. Tests have 
vn malleable iron follower blocks withstanaing 1000 
under a drop hammer, force being transmitted by 
; of a standard coupler, without distortion of the key 
the distortion of the block proper was only one-eighth 
} inch. 
lroad participation has been an important factor in 
lating the development of the currently high physical 
eth of malleable iron. In 1915, the standard specifica- 
of the American Society for Testing Materials re- 
| a tensile strength of 38,000 Ibs. per sq. in. and an 
ion of 5 per cent for this material. Since that time, 


Bruke Pedals of Malleable Iron as Produced and After 
Arbitrary Distortion. One of the pedals has been twisted 
into a corkscrew to show its ductility. The other has been 
deformed by applying exaggerated force in the manner in 
which leverage 1s applied in practical use—the casting has 
been bent almost into a straight line without frac turing. 


KE 
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the specifications have been increased five times. Specifica- 
tion A-47-33 now lists two grades: Grade 32510 with a ten- 
sile strength of 50,000 Ibs., a yield point of 32,500 Ibs., 
and an elongation in 2 in. of 10 per cent; grade 35018 re- 
quiring a tensile strength of 53,000 Ibs., a yield point of 
35,000 Ibs., and elongation of 18 per cent in 2 in. 

The latter grade is the one usually required for railroad 


Part of a Rotary Hoe, an Example of Workability and Latz- 
tude in Design in the hice Field. Clam ped in 
eath of the five grooves on the spiders is a rolled spring 
steel “digger” (shown in the lower left). Twenty sucn 
units are mounted on a shaft in actual use. The part 
which wears out and requires frequent replacement is the 
digger. Removal of one digger, under the original design, 
required the dismantling of the machine and the removal 
of as many as 9 or 10 i pider units. The malleable iron 
tpider (lower right) reduced weight and permitted re place 


ment by the removal of only one nut and bolt on the Spider 
involved. 
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Outstanding Examples of Contributions of Malleable Iron in the Railroad Field are Follower Blocks, Striking Plat 


Draft Lugs and Other Draft Gear Equipment. 


castings, and many foundries have concentrated on the pro- 
duction of even higher strength malleable. In this con- 
nection, a recent check on the uniformity and physical prop- 
erties of the malleable product of a number of foundries 
revealed the following performance: Approximately 2700 
tons of castings from 236 heats were involved. Tests from 
the 236 heats showed a maximum yield point of close to 
40,000 Ibs. per sq. in. and a minimum value of over 35,000 
lbs. per sq. in., averaging almost 38,000 Ibs. per sq. in. The 
elongation ranged from 18.5 to 31.0 per cent, averaging 
a shade over 23 per cent. 


A High Yield Point 


The indispensable properties that any member, subject to 
dynamic stresses or exposure to occasional overloads should 
possess, are a high yield point combined with toughness. 
This combination implies, in the case of the former, free- 
dom from brittleness within the elastic range and freedom 
from brittleness after distortion. 

The yield point of malleable iron is about 67 per cent 
of its ultimate strength, and this high relationship of yield 
to ultimate wins for it consideration which would not be 
possible where merely the ultimate strength was used as a 
criterion. 

While the correct kind of an impact test will shed much 
light on the toughness of a metal, the notched bar test does 
not appear to be a satisfactory one in the case of malleable 
iron. An impact test encouraged by the Malleable Iron 
Research Institute, and now in use by some of the foundries, 
serves to demonstrate the toughness of malleable iron in 
forceful fashion. 
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These represent severe uses from the stand point of shock, since such parts 
absorb much of the impact presented by car coupling. 


These ave modern types of follower blocks. 


Briefly, the test uses a tapered wedge 6 in. long ana 1 :n. 
wide, tapering in thickness from !/, to 1/16 of an inch, 
The wedge is held upright on the anvil of a drop machine 
and is subjected to blows from a tup that weighs 21 Ihs. 
and that drops from a height of 3.33 ft. The first blow 
represents the delivery of 70 ft.-lbs. of energy on a section 
that, due to the curling of the thin end, is somewhat Jarcer 
than 1/16 sq. in. 

The test is severe in that, due to the curl, the extreme 
fibers on the tension side are called upon to elongate greatly 
in a small fraction of a second. Under the test conditions, 
the upper end of the wedge will curl more and more under 
the successive blows of the tup, and the energy transmitted 
by the impact will increase somewhat due to the longer 
height of drop. 

Thousands of such tests have shown. that the product gen- 
erally endures 20 to 30 blows, at which point the wedge is 
usually curled completely. 

In torsion testing, test bars 34 in. square at the end and 
11 in. long, endure three or more complete revolutions, at 
usual lathe speeds, without sign of fracture. 

Accompanying photographs illustrate these methods of 
testing, as well as the performance of malleable iron in cold 
punching and drifting operations. Cold punching must 
be regarded as a punishment that only the most “‘insensi- 
tive’’ and uniform metal will endure. The metal has been 
known to drift successfully as much as 150 per cent of the 
original diameter. Additional illustrations show castings 
before and after exposure to abnormal testing or attempts 
at destruction. These practical demonstrations serve to 
qualify the metal as a modern and serviceable working ma- 
terial, 
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